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Flexural Members -I- Restrained Beams 

Beams in structures

❑ Beam is predominately subjected to bending. 

❑ A beam is a structural member which is subjected to 

transverse loads, and accordingly must be designed to 

withstand shear and moment.

❑ Generally, it will be bent about its major axis.
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Flexural Members : Introduction

Beams in structures
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Flexural Members : Introduction

Beams in Buildings

Flexural members are the second most common structural members in frame 

structures.
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Flexural Members : Introduction

Beams in Buildings-Construction and installation

Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction

Beams in Buildings-Construction and installation

Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction

Beams in Bridges

Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction
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Flexural Members : Introduction

Beams in Bridges-Construction and installation

Flexural members are the second most common structural members in frame structures.
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Introduction: Section Profiles for Flexural Members

Beam cross-sections may take many different forms, as shown below, and these 

represent various methods of obtaining an efficient and economical member.
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Introduction: Classification of Flexural Members

The resistance of a steel beam in bending depends on;

►the cross section resistance or

►the occurrence of lateral instability.
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Introduction: Classification of Flexural Members

Whenever one of the following situations occurs in a 

beam, lateral-torsional buckling cannot develop and 

assessment of the beam can be based just on the cross 

section resistance:

• The cross section of the beam is bent about its minor z 

axis;

• The beam is laterally restrained by means of secondary 

steel members, by a concrete slab or any other method 

that prevents lateral displacement of the compressed 

parts of the cross section;

• The cross section of the beam has high torsional stiffness 

and similar flexural stiffness about both principal axes of 

bending as, for example, closed hollowcross sections.
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Introduction: Laterally Restrained Beams

Types of restraining condition of beam

1- Restrained Beam A beam where 

the compression flange is 

restrained against lateral 

deflection and rotation. Only 

vertical deflection exists.

2- A full lateral restraint may be 

provided by concrete floor 

whichsufficiently connected to the 

beam, or by sufficient bracingmembers 

added.
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Introduction: Laterally Restrained Beams

Lateral restraint may be of along the span or at 

some points along the span.

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/Steel Structures2 Prof.Dr. Nael M. Hasan

Introduction: Laterally Restrained Beams

By means of secondary steel members:
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams

Beam under a transverse load is analyzed and 

designed for the followingcriteria .

• Bending (Uniaxial or Biaxial)

• ShearCombined effect of Shear and Bending

• And Serviceability 
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams Bending
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Introduction: Laterally Restrained Beams Bending

Elastic 

and 

plastic 

bending 

moment 

resistance 

of steel 

section.
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Introduction: Laterally Restrained Beams Bending

Elastic and 

plastic 

bending 

moment 

resistance of 

steel section.
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1

The design resistance for bending about one principal axis of a cross section is 

determined as follows:Class 1 or 2 cross sections
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1
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Flexural Members
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Introduction: Laterally Restrained Beams

Transverse

Shear

stress 

longtudinal

Shear

stress 
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams
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Shear Center
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Introduction: Laterally Restrained Beams-Bending-In EC1993-1-1
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Shear Flow Effect
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1

According  to  clause  6.2.6 (EC1993-1-1),  the  design  value  of  the  

shear  force ,VEd, must satisfy the following condition:

Where: Vc,Rd is the design shear resistance. 

Considering plastic design, in the absence of torsion the design shear resistance, 

Vc,Rd, is given by the design plastic shear resistance, Vpl,Rd,  given by the following 

expression: 

where  Av is  the  shear  area,

Av is defined  in  a  qualitative  manner  for  an  I section  subjected  

to  shear as

η may be conservatively taken equal 1.0. 

The shear area corresponds approximately to the area of the parts of 

the cross section that are parallel to the direction of the shear force.
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1

Similarly EC1993-1-1 clause 6.2.6(3) provides expressions for the calculation  of  

the  shear  area  for  standard  steel  sections: 
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1

When verification of , Vc,Rd, can not be performed using the design plastic shear 

resistance, Vpl,Rd, a conservative  verification , a conservative  verification 

excluding  partial  plastic  shear distribution can be done, which is permitted in 

elastic design 

where,          is  the  design  value  of  the  local  shear  

stress  at  a  given  point, obtained from: 

Ved is the design value of the shear force; 

S is the first moment of area about the centroidal axis of that  

portion of the cross section between the point at which the shear 

is required  and the boundary of the cross section; 

I is the second moment of area about the neutral axis; 

t is the thickness of the section at the given point. 

For  some  I  or  H  sections,  the  shear  stress  can  be  calculated more simply from

Where:   Af is the area of one flange; 

Aw is the area of the web: Aw = hw . tw. 
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1

Where the shear force is present allowance should be made for its effect on 

the moment resistance.

For Elastic Analysis.

The following condition (from von Mises criterion for a state of plane stress) 

has then to be verified: 
Where,  is elastic normal stresses

 is elastic  shear  stresses

For Plastic Analysis

The model used by EC3-1-1 evaluates a reduced bending moment obtained 

from a reduced yield strength (fyr) along the shear area. 

Where, fyr is obtained as;

fyr =
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1

Where the shear force is present allowance should be made for its effect on 

the moment resistance.

For Elastic Analysis.
Bending moment–shear force 

interaction diagrams for

I or H sections

• In general, it may be assumed that for low values of 

shear it is not necessary to reduce the design plastic 

bending resistance.

• When VEd < 50% of the plastic shear resistance Vpl,Rd, 

it is not necessary to reduce the design moment 

resistance Mc.Rd , except where shear buckling 

reduces the cross section resistance.

• If VEd  ≥ 50% of the plastic shear resistance Vpl,Rd , the 

value of the design moment resistance should be 

evaluated using the reduced yielding strength (fyr)  .

• In I or H sections with equal flanges, under major axis 

bending, the reduced design plastic moment 

resistance Myv,Rd may be obtained from:

Where, Aw= hw x tw is the area of the web,

My,c,Rd is the design resistance for bending moment about the y-axis.
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1
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Design According to EC3: Restrained Beams

To summarize a beam is considered restrained if:

▪The section is bent about its minor axis 

▪Full lateral restraint is provided 

▪Closely  spaced  bracing  is  provided  making the slenderness of the 

weak axis low 

▪The  compressive  flange  is  restrained  again torsion 

▪The  section  has  a  high  torsional  and  lateral bending stiffness 

There  are  a  number  of  factors  to  consider  when designing a 

beam, and they all must be satisfied for the beam design to be 

adopted:

▪Bending Moment Resistance 

▪Shear Resistance 

▪Combined Bending and Shear 

▪Serviceability
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Design According to EC3: Restrained Beams

Bending Moment Resistance Summary:
1.Determine the design moment, MEd

2.Choose  a  section  and  determine  the  section classification 

3.Determine Mc,Rd, using the equation  for the respective cross section.  Ensure  that  

the  correct value of W, (the section modulus) is used. 

4.Carry  out  the  cross-sectional  moment resistance check by ensuring Mc,Rd > Med is 

satisfied. 

Shear Resistance Summary:
1.Calculate the shear area, Av

2.Substitute the value of Av into equation to get the design plastic shear resistance 

3.Carry out the cross-sectional plastic shear resistance check by ensuring Vpl,Rd > Ved is 

satisfied. 

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/Steel Structures2 Prof.Dr. Nael M. Hasan

Worked Example: Example on cross-section resistance in bending

Example 4.1.Awelded I section is to be designed in bending. The proportions of the 

section have been selected such that it maybe classified as an effective Class2 

cross-section. The chosen section is of grade S275 steel, and has two 200 x 16mm 

flanges, an overall section height of 600mm and a 6mm web. The weld size (leg 

length) s is 6.0mm. Assuming full lateral restraint, calculate the bending moment 

resistance.

h=600.0mm Wel,y=2536249 mm3

b=200.0mm

tw=6.0mm

tf=16.0mm

s=6.0mm
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Worked Example: Example on cross-section resistance in bending
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Worked Example: Example on cross-section resistance in bending

Example 4.1.A welded I section is to be designed in bending. The proportions of the 

section have been selected such that it maybe classified as an effective Class2 

cross-section. The chosen section is of grade S275 steel, and has two 200 x 16mm 

flanges, an overall section height of 600mm and a 6mm web. The weld size (leg 

length) s is 6.0mm. Assuming full lateral restraint, calculate the bending moment 

resistance.
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Worked Example: Example on cross-section resistance in bending
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Worked Example: Example on shear resistance

Example4.2. Determine the shear resistance of a 229x89 rolled channel section 

in grade S275 steel loaded parallel to the web.
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Worked Example: Example on shear resistance

Example 4.2. Determine the shear resistance of a 229x89 rolled channel 

section in grade S275 steel loaded parallel to the web.
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Worked Example: cross-section resistance under combined 

bending and shear

Example 4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be 

designed to  carry a central point load of 1050 kN, as shown. The arrangement results in 

a maximum design shear force Ved of 525 kN and a maximum design bending moment 

Med of 367.5 kNm. Check the suitability of 406x178x74 UKB in grade S275 steel.
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Worked Example: cross-section resistance under combined 

bending and shear

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be 

designed to  carry a central point load of 1050 kN, as shown. The arrangement results in 

a maximum design shear force Ved of 525 kN and a maximum design bending moment 

Med of 367.5 kNm. Check the suitability of 406x178x74 UKB in grade S275 steel.
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Worked Example: cross-section resistance under combined 

bending and shear

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be 

designed to  carry a central point load of 1050 kN, as shown. The arrangement results in 

a maximum design shear force Ved of 525 kN and a maximum design bending moment 

Med of 367.5 kNm. Check the suitability of 406x178x74 UKB in grade S275 steel.
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Worked Example: cross-section resistance under combined 

bending and shear

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be 

designed to  carry a central point load of 1050 kN, as shown. The arrangement results in 

a maximum design shear force Ved of 525 kN and a maximum design bending moment 

Med of 367.5 kNm. Check the suitability of 406x178x74 UKB in grade S275 steel.
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Worked Example: cross-section resistance under combined 

bending and shear

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be 

designed to  carry a central point load of 1050 kN, as shown. The arrangement results in 

a maximum design shear force Ved of 525 kN and a maximum design bending moment 

Med of 367.5 kNm. Check the suitability of 406x178x74 UKB in grade S275 steel.
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Worked Example: cross-section resistance under combined 

bending and shear
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